We have determined from first principles the athermal elastic constant tensor of Mg2SiO4 forsterite with the plane wave pseudopotential method over a wide range of pressure (0-100 GPa) that encompasses the full range over which forsterite has been observed experimentally. The computed elastic constants are in excellent agreement with experimental data up to the maximum pressure of the experiments (16 GPa). We calculate the single-crystal elastic anisotropy from the elastic constants. We find that the anisotropy is strong (azimuthal P-and S-wave anisotropy: 25 % and 20 %, respectively, polarization anisotropy: 15 %), in agreement with experiment, and that it depends weakly on pressure over the range 0-25 GPa, in contrast to the behavior of other silicates and oxides.
Introduction
As the most abundant mineral species in the upper mantle, the elastic properties of forsterite play a major role in our understanding of the composition of this region. Moreover, the large elastic anisotropy exhibited by forsterite make it a potential marker of mantle flow through seismological determinations of mantle anisotropy. To address these issues, we have determined the structure, equation of state, and elastic constants of forsterite over a wide pressure range (0-100 GPa) which extends well beyond that of the upper mantle. The advantages of exploring a pressure interval much broader than that of the olivine stability field (P < 14 GPa) are that 1) it serves to clarify the pressure dependence of the elastic constants at large finite strains 2) it permits contact between theory and the full pressure range over which this mineral has been observed experimentally ( and Aij --3 if i -j •_ 3, and -1 otherwise [Davies, 1974] . We found that the finite strain expansion converged rapidly: third-order expansions (a4 --0) were sufficient, except for the highly non-linear pressure dependence displayed by ½44, ½55, and c6• for which we used a fourth order expansion (Table 1, Fig. 1 ). The compressional (P) and shear (S) wave velocities of isotropic aggregates calculated from our elastic constants (Voigt-Reuss-Hill average) agree with experimer tal determinations to within 1% (Fig. 2) Modern first principles methods are now capable of realistic predictions of the elastic constants of complex silicates such as forsterite. Although completely independent of experimental data, we have shown that these methods are able to reproduce even subtle features such as elastic anisotropy with good accuracy. We note that it is possible to extend these methods to high temperatures, although we have not done so here. Modern electronic structure theory thus promises an ideal complement to the experimental approach, and the ability to determine the elasticity and anisotropy of major constituents throughout the pressure regime of the earth's mantle.
The elastic constants of forsterite

